Members of the SAR11 clade often dominate the composition of marine microbial communities, yet their contribution to biomass production and the flux of dissolved organic matter (DOM) is unclear. In addition, little is known about the specific components of the DOM pool utilized by SAR11 bacteria. To better understand the role of SAR11 bacteria in the flux of DOM, we examined the assimilation of leucine (a measure of biomass production), as well as free amino acids, protein, and glucose, by SAR11 bacteria in the Northwest Atlantic Ocean. We found that when SAR11 bacteria were >25% of total prokaryotes, they accounted for about 30 to 50% of leucine incorporation, suggesting that SAR11 bacteria were major contributors to bacterial biomass production and the DOM flux. Specific growth rates of SAR11 bacteria either equaled or exceeded growth rates for the total prokaryotic community. In addition, SAR11 bacteria were typically responsible for a greater portion of amino acid assimilation (34 to 61%) and glucose assimilation (45 to 57%) than of protein assimilation (<34%). These data suggest that SAR11 bacteria do not utilize various components of the DOM pool equally and may be more important to the flux of low-molecular-weight monomers than to that of high-molecular-weight polymers.
The SAR11 clade is one of the most abundant bacterial phylogenetic groups in the ocean. About 25% of the 16S rRNA gene sequences retrieved from uncultured marine bacteria belong to the SAR11 bacteria (13) , and representatives of the SAR11 clade have been found in clone libraries from around the world (28) . Investigations using fluorescence in situ hybridization (FISH) confirm that SAR11 bacteria often make up 25 to 35% of the total prokaryotic community in the surface waters of both coastal and open-ocean systems (22, 24) . The high abundance and global distribution of SAR11 bacteria suggest that they mediate a significant fraction of the dissolved organic matter (DOM) flux in the ocean. As with most marine bacterial groups, however, little is known about the contribution of SAR11 bacteria to the flux of DOM.
The uptake of some DOM components by SAR11 bacteria was examined previously in the Gulf of Maine and the Sargasso Sea. Malmstrom el al. (22) found that the SAR11 clade dominated the assimilation of dissolved free amino acids and dimethylsulfoniopropionate, supporting the hypothesis that SAR11 bacteria mediate a large portion of the DOM flux. However, the assimilation of high-molecular-weight (HMW) DOM, which is a major source of C for bacterial communities (2), was not examined. In the Delaware Bay, Cottrell and Kirchman (5) found differences between the assimilation of low-molecular-weight (LMW) monomers and that of HMW polymers by the alpha-proteobacteria. The SAR11 bacteria, which are an abundant subgroup of the alpha-proteobacteria (13) , may also contribute differently to the fluxes of LMW and HMW components of the DOM pool. To better understand their contribution to the flux of DOM, the assimilation of LMW monomers and HMW polymers by SAR11 bacteria needs to be examined.
The contribution of SAR11 bacteria to the flux of DOM can also be estimated from their biomass production rates. By following incorporation of leucine, a measure of biomass production, into different bacterial groups, Cottrell and Kirchman (4) found that the alpha-proteobacteria dominated bacterial biomass production in the Delaware Bay. The SAR11 bacteria can often account for most alpha-proteobacteria in the Delaware Bay (19) , suggesting that SAR11 bacteria may also be major contributors to biomass production and thus to the total DOM flux. However, direct estimates of SAR11 bacterial biomass production are necessary to clarify the role of SAR11 bacteria in oceanic DOM flux.
The goal of this study was to examine biomass production and the assimilation of low-and high-molecular-weight DOM by SAR11 bacteria. To accomplish this goal, we used a combination of microautoradiography and FISH (Micro-FISH) (5, 21, 27) to follow the assimilation of radiolabeled substrates by SAR11 bacteria. The contribution of the SAR11 clade to bacterial biomass production was determined by incorporation of [ 3 H]leucine (4, 18) . The assimilation of [ 3 H] glucose, dissolved free amino acids, and protein was also examined because these compounds can each supply a large portion (ca. 5 to 50%) of the total C demand of microbial communities (16, 29, 34) . Protein and dissolved free amino acids can also supply an equally large fraction of total bacterial N demand (15, 16) . We found that the SAR11 bacteria dominated the assimilation of amino acids and glucose and contributed as much or more to biomass production than would be predicted based on their abundance.
MATERIALS AND METHODS
Sample collection and preparation. Seawater was collected at five stations in the mid-North Atlantic in July (station 5) and August (stations 1 to 4) 2003 (Table 1) . Whole seawater was collected from three to six depths and immediately fixed with paraformaldehyde (2% final concentration) and preserved over-night at 4°C. Fixed samples were filtered (20 to 100 ml) onto white polycarbonate filters (0.2 m), rinsed with deionized water, and stored at Ϫ20°C for later analysis using FISH.
Bacterial production was measured by incorporation of [ 3 H]leucine into trichloroacetic acid-insoluble material (18) . Triplicate 1.5-ml samples were incubated in the dark with 20 nmol liter Ϫ1 [ 3 H]leucine (150 Ci mmol Ϫ1 ) for 0.5 to 1 h at in situ temperatures. The trichloroacetic acid-insoluble fraction was collected by centrifugation (32) , and samples were radioassayed using liquid scintillation counting. Bacterial biomass production was calculated using a conversion factor of 1.5 kg C mol Ϫ1 of assimilated leucine (18) , and specific growth rates were calculated assuming 10 fg C cell Ϫ1 (10). To measure the assimilation of radiolabeled compounds, 60-ml aliquots of seawater were collected from depths corresponding to the 30% surface light level ( (25) , and protein of Ն10 kDa was recovered using a centrifugal filter device (Micron). Samples were incubated for 24 h at in situ temperature and 30% surface irradiance. Incubation conditions for determining [ 3 H]leucine incorporation by SAR11 bacteria were the same as those for measuring bacterial production. Paraformaldehyde was added (2% final concentration) to terminate the incubations, and samples were preserved as described for FISH samples. Killed controls were treated with paraformaldehyde 10 min prior to addition of radiolabeled substrates and incubated simultaneously with live samples. The assimilation of radioactive compounds was negligible in the killed controls.
Identification of SAR11 bacteria with FISH and Micro-FISH. SAR11 bacteria were identified by hybridization with four Cy3-labeled oligonucleotide probes designed to bind specifically to members of the SAR11 clade (24) . The hybridization conditions and buffer compositions followed those described previously (22, 24) . The hybridization reactions were performed overnight at 42°C with a buffer containing 30% formamide. After hybridization, filters were washed at 55°C and mounted on a glass slide with a coverslip. The mounting solution contained 4Ј,6Ј-diamidino-2-phenylindole (DAPI) (0.5 ng l Ϫ1 ) and a 4:1 mixture of Citifluor (Ted Pella) and Vectashield (Vector Labs). A negative control probe (5Ј-CCT AGT GAC GCC GTC GA-3Ј; 8 ng l Ϫ1 ) was used to monitor nonspecific binding of probes (14) . The negative control probe bound to Ͻ5% of cells.
Micro-FISH preparations followed a method described in greater detail elsewhere (22) . Briefly, FISH-treated filters were placed on emulsion-coated (Kodak NTB-2 emulsion) glass slides with the bacteria in contact with the emulsion. Slides were exposed in the dark at 4°C for 10 days for protein or 2 to 3 days for leucine, amino acids, and glucose (time was determined as described below). After exposure, the slides were developed with Dektol developer (Kodak) for 2 min, rinsed with deionized water for 10 seconds, fixed with Kodak fixer for 6 min, and rinsed again in deionized water. Slides were dipped in 1% glycerol for 1 minute and stored overnight in a vacuum desiccator. After drying, the FISHtreated filter was peeled away, leaving bacteria attached to the slide. Bacteria were stained with DAPI by mounting a coverslip on the samples with a mounting solution (4:1 Citifluor to Vectashield) containing DAPI (0.5 ng l Ϫ1 ). The length of exposure time was determined empirically by following changes in number of substrate-assimilating cells over time. Exposure times were selected once the number of substrate-assimilating cells reached a maximum and did not increase with longer exposure times. For protein assimilation at stations 1 and 4, exposure times were selected before the autoradiography background affected counts in the killed controls. Differences in the specific activities of the substrates used in this study could be accounted for by varying the autoradiography exposure times.
Image analysis and cell size determination. FISH and Micro-FISH slides were examined with a semiautomated microscopy and image analysis system described previously (4) . For FISH samples, images of DAPI fluorescence, Cy3 fluorescence, and phycoerythrin fluorescence were captured from 10 fields of view and overlaid. Objects with overlapping signals in the DAPI and Cy3 images were counted as probe positive. Autofluorescent signals from Synechococcus were removed from the analysis by deleting cells that appeared in both the Cy3 and phycoerythrin images. The total number of bacteria counted per sample ranged from 1,100 to 4,000. For Micro-FISH samples, images of DAPI fluorescence, Cy3 fluorescence, and silver grain clusters were captured from 10 to 30 fields of view and overlaid. Probe-positive cells were determined as described above. Substrate-assimilating cells were identified by silver grain clusters that formed during autoradiography. The area of silver grain clusters associated with substrate-assimilating cells was recorded. The total number of bacteria counted per sample ranged from 580 to 4,000.
Cell size data were calculated from images of DAPI fluorescence by using three different algorithms described elsewhere (23, 30, 31) , although only cell volumes from one algorithm (31) 
RESULTS
Abundance and size of the SAR11 bacteria. Previous studies found that SAR11 bacteria can account for 25 to 35% of prokaryotes in the surface waters of both coastal waters and the open ocean of the North Atlantic (22, 24) . The abundance of SAR11 bacteria was similarly high in this study, with SAR11 bacteria comprising 27% Ϯ 7% (mean Ϯ standard deviation; n ϭ 27) of total prokaryotic communities in surface waters ( Table 1 ). The SAR11 clade was most abundant in the shallow coastal waters of station 5 (4.3 ϫ 10 5 to 12.2 ϫ 10 5 cells ml Ϫ1 ), while the lowest numbers occurred off the continental shelf at station 3 (0.32 ϫ 10 5 to 1.81 ϫ 10 5 cells ml Ϫ1 ). Total prokaryotic abundance, however, was also highest and lowest at these stations.
The average cell volumes for the SAR11 clade ranged from 0.033 to 0.060 m 3 among all locations (Table 1) . At stations 1 to 4, the average size of SAR11 bacteria was equal to, or slightly (12 to 50%) larger than, that of the other prokaryotes (Table 1 ). In the shallow coastal waters of station 5, members of the SAR11 clade were the same size, or slightly (12%) smaller than, the rest of the prokaryotic community. The sizes of SAR11 bacteria and the rest of the prokaryotic community varied greatly within each sample, as indicated by high coefficients of variation (51 to 80%). Although the cell volumes calculated from only one algorithm are reported (31), the statistically significant differences and similarities indicated in Table 1 were also found using volumes calculated from two additional algorithms (23, 30) at 24 of 27 depths (data not shown).
Contribution of SAR11 bacteria to bacterial production. The fraction of total bacterial production mediated by the SAR11 clade was estimated from the fraction of leucine-assimilating cells identified as SAR11 bacteria. SAR11 bacteria consistently made up a large proportion of the leucine-assimilating community at all stations ( Table 2 ). The SAR11 clade comprised the largest fraction (50%) of the leucine-assimilating community in shallow coastal waters (station 5) and the smallest fraction (34%) in the Gulf Stream (station 1).
Biomass production by the SAR11 clade was also estimated from the fraction of total silver grain area associated with SAR11 bacteria. Silver grain area was used to estimate production in order to account for variation in per-cell activity, which was suggested by differences in the size (m 2 ) of silver grain clusters associated with leucine-assimilating cells. Previous work shows that larger silver grain clusters indicate more assimilation per cell than smaller clusters (26) . Between 23 and 45% of the total silver grain area was associated with the SAR11 clade ( Table 2) . Estimates of the contribution of SAR11 bacteria to biomass production based on silver grain area were lower (paired t test, P Ͻ 0.05) than estimates using the fraction of leucine-assimilating cells at stations 1 and 4, but SAR11 bacteria still accounted for a large portion of biomass production at these stations (Table 2) .
Using both estimates, SAR11 bacterial production ranged from 17 to 26 ng C liter Ϫ1 h Ϫ1 in the Gulf Stream (station 1) to 118 to 130 ng C liter Ϫ1 h Ϫ1 in coastal waters (station 5) ( Table 2) . From these production rates, specific growth rates for the total community and SAR11 bacteria were calculated, assuming 10 fg C cell Ϫ1 (10) . The specific growth rates of SAR11 bacteria either equaled or exceed growth rates of the entire community (Table 2) . Growth rates were greatest in the coastal waters of station 5 (0.66 to 0.73 day Ϫ1 ) and lowest at station 1 in the Gulf Stream (0.13 to 0.20 day Ϫ1 ) ( Table 2 ). The fraction of the leucine-assimilating community accounted for by SAR11 bacteria exceeded the fraction of total prokaryotes identified as SAR11 bacteria (Fig. 1A) . Similarly, the fraction of total silver grain area associated with SAR11 bacteria was greater than or equal to the fraction of total prokaryotes made up by SAR11 bacteria (Fig. 1B) . These data suggest that SAR11 bacteria contributed as much, or more, to bacterial production than would be predicted based on their overall abundance. Since SAR11 bacteria were abundant at all stations, their contribution to total bacterial production was large in these areas of the northwest Atlantic Ocean. Assimilation of DOM components. Similar to bacterial production, the contribution of SAR11 bacteria to the assimilation of glucose, amino acids, and protein was examined using the percentage of the assimilating community as well as the percentage of total silver grain area. At all stations, SAR11 bacteria made up 47 to 54% of the glucose-assimilating community ( Fig. 2A) . The SAR11 bacteria also accounted for 45 to 57% of total silver grain area in glucose incubations, though they represented only 25 to 34% of the total prokaryotic community (Fig. 2B) . These data indicate that the SAR11 clade dominated the assimilation of glucose and contributed more to total glucose assimilation than would be predicted by their overall abundance (25 to 34%) ( Fig. 2 A and B) .
SAR11 bacteria also often dominated the assimilation of dissolved free amino acids. Members of the SAR11 clade comprised 34 to 49% of the amino acid-assimilating community at four locations in the Northwest Atlantic Ocean (Fig. 2C ). An even greater proportion (45 to 61%) of total silver grain area was associated with SAR11 bacteria (Fig. 2D) . The SAR11 bacteria, however, accounted for only 25 to 34% of the total prokaryotic community. Based on either estimate of assimilation, SAR11 bacteria contributed more to total amino acid assimilation at each station than expected from their overall abundance (paired t test, P Ͻ 0.05), which agrees with previous findings for the Gulf of Maine and the Sargasso Sea (22) .
The SAR11 clade appeared to play a smaller role in protein assimilation than in amino acid and glucose assimilation. The SAR11 clade accounted for 13 to 28% of protein assimilation at stations 3 to 5 ( Fig. 2E and F) , whereas SAR11 bacteria accounted for Ն34% of amino acid and glucose assimilation at these stations ( Fig. 2A to D) . Within each station, the contribution of SAR11 bacteria to protein assimilation was significantly lower than their contribution to glucose assimilation, based on estimates from both silver grain area and fraction of substrate-assimilating cells (Tukey test, P Ͻ 0.05). The SAR11 clade also accounted for a significantly smaller portion of protein assimilation than of amino acid assimilation at stations 3 to 5, based on both estimates (Tukey test, P Ͻ 0.05), although there was no statistically significant difference at station 1. In contrast to amino acid and glucose assimilation, SAR11 bacteria assimilated only as much, or considerably less, protein as would be predicted by their abundance at stations 3 to 5 ( Fig.  2E and F) . In the Gulf Steam (station 1), however, the SAR11 bacteria were responsible for a larger fraction of protein assimilation than would be predicted based on the abundance of the SAR11 clade.
Differential utilization of DOM components. Variation in the utilization of glucose, amino acids, and protein was examined by calculating the fraction of the SAR11 community that assimilated these compounds. These values differ from those reported in Fig. 2 , which gives the fraction of substrate-assimilating cells identified as SAR11 bacteria. For example, 75% of the SAR11 bacteria assimilated amino acids at station 5 (Fig.  3A) , but only 49% of amino-acid-assimilating cells belonged to the SAR11 clade (Fig. 2C) .
Roughly half (45 to 59%) of SAR11 bacteria assimilated glucose at all stations, but a significantly greater proportion of the SAR11 community assimilated dissolved free amino acids (75 to 81%) at all stations (Tukey test, P Ͻ 0.05) (Fig. 3A) . In contrast to the case for free amino acid assimilation, a much smaller fraction (15 to 49%) of SAR11 bacteria utilized protein (Fig. 3A) . The difference between the proportions of SAR11 bacteria assimilating amino acids and protein was greatest in the coastal waters (station 5) and smallest in the Gulf Stream (station 1), and these differences were significantly different at all stations (Tukey test, P Ͻ 0.05). The differences in the proportions of SAR11 bacteria assimilating glucose, amino acids, and protein indicate that SAR11 bacteria did not utilize these components of the DOM pool equally.
Differential utilization of glucose, amino acids, and protein by the total prokaryote community was also examined. As with SAR11 bacteria, a larger fraction of the total community (53 to 69%) assimilated amino acids than assimilated glucose or protein at each station (Tukey test, P Ͻ 0.05) (Fig. 3B) . These data suggest that the prokaryotic community did not utilize glucose, amino acids, and protein equally. In addition, DOM utilization by SAR11 bacteria differed from DOM utilization by the total prokaryotic community. At each station, the percentage of SAR11 bacteria assimilating amino acids and glucose was greater than the percentage of the total community assimilating these compounds (paired t test, P Ͻ 0.05), but there were no significant differences between the assimilation of protein by SAR11 bacteria and by the total prokaryotic community at three of four stations.
DISCUSSION
The SAR11 bacteria may be one of the most abundant groups of prokaryotes in the ocean, yet little is known about their contribution to marine biogeochemical processes. Estimates of the abundance, cell size, growth rates, biomass production, and utilization of different components of the DOM pool are necessary in order to better understand the importance of SAR11 bacteria to the flux of DOM in the ocean and to help explain the abundance of these bacteria. We found that SAR11 bacteria had high growth rates and were major contributors to both biomass production and the turnover of HMW and LMW DOM in the Northwest Atlantic Ocean. These data suggest that SAR11 bacteria mediate a substantial fraction of the total DOM flux when abundant but that their contribution to the flux of glucose, amino acids, and protein varies. The abundance of SAR11 bacteria, and their consumption of DOM, is influenced by their growth rate. Specific growth rates for the SAR11 clade ranged from about 0.15 day Ϫ1 in the oligotrophic waters of the Gulf Stream to about 0.70 day Ϫ1 in Delaware coastal waters. No other estimates of in situ growth rates of SAR11 bacteria are available, although the growth of alpha-proteobacteria, of which the SAR11 bacteria are an abundant subgroup, was examined previously using dilution techniques (9, 35) . Growth rates of SAR11 bacteria in Delaware coastal waters were similar to growth rates of alphaproteobacteria in German coastal waters (1.0 day Ϫ1 ) (9) but were typically lower than growth rates of alpha-proteobacteria in the Delaware Bay (0 to 5.5 day Ϫ1 ) (35) . Except for in the oligotrophic waters of the Gulf Stream, we found that in situ growth rates of natural SAR11 populations were similar to growth rates of an isolated representative of the SAR11 clade, Pelagibacter ubique, in pure culture (0.40 to 0.58 day Ϫ1 ) (28) . The specific growth rates of SAR11 bacteria either equaled or exceeded growth rates of the total prokaryotic communities in this study and were near the higher estimates of total community growth rates reported for other marine environments (0.05 to 0.30 day Ϫ1 ) (8) . Based on the high growth rates of SAR11 bacteria relative to the total community, the high abundances of SAR11 bacteria are likely the result of fast growth rather than low mortality.
The success of SAR11 bacteria, as indicated by high biomass and growth rates, is probably due to their capacity to outcompete other prokaryotes for DOM, if growth is limited by C availability (20) . The SAR11 bacteria accounted for either as much or more of total biomass production and of the DOM flux, assuming their growth efficiency was similar to that of the total community, than would be predicted from their abundance. These data support the hypothesis that SAR11 bacteria out-competed other bacterial groups for C. In addition, SAR11 bacteria were more important to the turnover of amino acids and glucose than their abundance would suggest, whereas SAR11 bacteria typically contributed only as much as, or less, to protein turnover as expected. The capacity to out-compete other bacterial groups for C, especially amino acids and glucose, helps explain the high abundance and growth rates of SAR11 bacteria in the ocean.
The differences in their contributions to amino acid, glucose, and protein turnover may indicate that SAR11 bacteria are more important to the biogeochemical flux of LMW monomers than to that of HMW polymers. This hypothesis is consistent with previous observations in the Delaware Bay, where the alpha-proteobacteria, which can be primarily SAR11 bacteria (19) , dominated the turnover of amino acids and Nacetylglucosamine but contributed less to the turnover of protein and chitin (5) . In addition, SAR11 bacteria often dominate free-living microbial communities, yet in particle-attached communities, where rates of HMW organic matter hydrolysis are high (33) , SAR11 bacteria appear to be rare (6, 7) . Potential differences in the contributions of SAR11 bacteria to LMW and HMW DOM turnover have important consequences for examining the impact of bacterial community composition on DOM composition and flux.
We found that a large number of SAR11 bacteria took up amino acids, protein, and glucose (Fig. 3A) . Since these compounds can supply over half of the total C and N needs of bacterial communities (16, 29, 34) , the consumption of amino acids, protein, and glucose probably supplies a large fraction of C and N needs of SAR11 bacteria. It is also appears that amino acids provided C to more SAR11 bacteria than did glucose or protein (Fig. 3A) . It seems unlikely that the numbers of SAR11 bacteria assimilating glucose and protein were underestimated, because the autoradiography exposures were extended until the number of substrate-assimilating cells reached a maximum or until the exposures could be run no further (stations 1 and 4, protein). The predominance of amino acids as a C source for SAR11 bacteria is consistent with previous observations in the Gulf of Maine and the Sargasso Sea (22) and suggests that dissolved free amino acids are particularly important to the growth and metabolism of SAR11 bacteria. It also appears that SAR11 bacteria utilized DOM differently than the rest of the prokaryotic community, with a larger fraction of the SAR11 bacteria obtaining C and N from amino acids and glucose than did the overall prokaryotic community.
The differential utilization of DOM components by SAR11 bacteria may result from a variety of biogeochemical, physiological, and genetic factors. First, the flux of amino acids into the environment may be greater than the flux of glucose or protein (15, 17) . If the flux is greater, then SAR11 bacteria may focus on the amino acid pool because it is a more abundant source of C. Second, it may be more energetically efficient for SAR11 bacteria to utilize amino acids than the other compounds. Amino acids may be a more attractive DOM source than glucose because amino acids are both C and N sources and can be used directly for biosynthesis as well as metabolized for energy (34) . Protein can also provide C and N, but bacteria must expend energy to synthesize and transport proteases before protein can be assimilated. Third, the SAR11 bacteria may have equal capacities to utilize glucose, amino acids, and proteins but vary the uptake of these different compounds depending on ecological conditions. Finally, the genes necessary for amino acid assimilation could be more common in the SAR11 clade than the genes necessary to assimilate glucose or protein.
Genomic analysis of the isolated SAR11 bacterium Pelagibacter ubique will provide valuable insight into the capacity of SAR11 bacteria to hydrolyze proteins, as well as to assimilate amino acids and glucose, and could provide clues to the specific mechanisms behind the differential DOM utilization by the SAR11 clade. The SAR11 clade is a phylogenetically, and possibly metabolically, diverse group of bacteria (13) . A recent study of Massachusetts coastal waters found that 16S rRNA sequence richness was higher in the SAR11 clade than in other phylogenetic groups, but all SAR11 sequences could be assigned to four microdiverse clusters by grouping sequences at a 99% similarity level (1) . It has been hypothesized that these clusters may represent groups of related organisms that share similar genes and ecological functions (3, 12) . This hypothesis implies that there should be ecologically distinct subgroups within the SAR11 clade. In this study, the differential utilization of the DOM components suggests that there is some functional diversity within the SAR11 clade. For example, 75% of SAR11 bacteria assimilated amino acids at station 5, whereas 45% and 15% assimilated glucose and protein, respectively (Fig. 3A) . Since the percentages add up to Ͼ100%, some fraction of the SAR11 community apparently utilized two or three of the DOM components simultaneously, whereas another fraction utilized only amino acids. It appears that within the same environment some SAR11 bacteria utilized different C sources than other SAR11 bacteria and that some SAR11 bacteria made different contributions to the flux of DOM components. These results are consistent with the hypothesis that the SAR11 clade is comprised of ecologically distinct subgroups, but it is unclear if the functional diversity we observed is related to coherent phylogenetic clusters. Further investigations of the microdiverse phylogenetic clusters within the SAR11 clade are necessary to determine the possible ecological differences among subgroups.
Our current understanding of the role of different bacterial phylogenetic groups in the flux of DOM is incomplete, although some patterns may be emerging with the SAR11 clade. The SAR11 clade often dominated the flux of free amino acids in this study and previously (22) , and it appear to out-compete other bacteria for this labile component of the DOM pool. Assuming that the diversity of SAR11 bacteria in our samples is similar to that previously observed (1, 11) , it appears that the capacity to assimilate and possibly to out-compete other bacteria for dissolved free amino acids is widespread within the SAR11 clade. The SAR11 bacteria can also assimilate glucose and protein, but it is unclear if these capacities are as common among the members of the SAR11 clade as is the capacity to utilize amino acids. To understand differences in the utilization of these compounds, as well as other components of the DOM pool, a variety of approaches will be necessary. Through a combination of isolation techniques, genomic analysis, and environmental observations, the role of SAR11 bacteria in oceanic biogeochemistry, and the adaptations responsible for their success, will be revealed.
